FIGURE S2.-Differences in centromere replication in mec1 and rad53 cells in HU after in vitro fill-in synthesis of ssDNA. (A) Experimental scheme for density transfer and subsequent in vitro fill-in synthesis in the presence of random hexameric primers, dNTPs and Klenow DNA polymerase. (B) Relative amounts of replication of the EcoR I fragments containing CEN4 (blue) and CEN2 (red) after in vitro fill-in synthesis of ssDNA for rad53 and mec1. The spreading of the HH peak toward the position of hybrid DNA (HL) before and after in vitro "fill-in" synthesis is indicated by a black arrow. FIGURE S5.-Inactivation of the spindle activation checkpoint by mad2Δ mutation does not rescue the HU sensitivity of rad53 cells. The cells were released from alpha factor arrest into media containing 200 mM HU for the indicated amount of time and the percentage of colony forming units was calculated for each sample by normalizing to the control T0 sample. Error bars represent standard deviations. FIGURE S5.-Mitotic progression in rad53 and rad53mad2 mutants during HU recovery. A. WT (JBY649), ∆mad2 (JBY1703), rad53-21 (JBY1701) and rad53-21∆mad2 (JBY1705) strains harboring Pds1-Myc were released from G1 into YPD containing 200 mM HU at 30 o C for 1 hr. Cells were then washed into fresh YPD pH 3.9 media lacking HU. Mating pheromone was added to restore G1 arrest following completion of mitosis. Protein samples were prepared at the indicated times and processed for Pds1-Myc immunoblotting. Ponceau staining was used to evaluate equivalency of protein load. B. Densitometry analysis of Pds1-Myc immunoblots shown in A. C. WT (JBY1707), ∆mad2 (JBY1714), rad53-21 (JBY444), rad53-21∆mad2 (JBY1718) strains harboring TRP1-GFP were treated with 200 mM HU and allowed to recover as in A. Sister chromatid separation was evaluated by scoring the percentage of cells with two distinct GFP foci. D. TRP1-GFP separation at was scored as in C., but in this case cells were allowed to recover in YPD media supplemented with 15 mg/ml nocodazole.
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Supplemental Discussion
The unique response of the rad53 mutant to HU provides us with the opportunity to consider the following questions.
First, if centromeres are not replicated in rad53 cells during HU treatment (resulting in the lack of tension on the spindles), why is the spindle checkpoint not activated to prevent chromosome partition? It has been shown that cdc6 cells proceed with a reductional mitosis despite the complete absence of replication (Piatti et al., 1995) . Similarly, certain alleles of cdc7 and dbf4 mutants--encoding the catalytic and regulatory subunits, respectively, of the DDK (Dbf4-dependent kinase), an S phase promoting kinase important for the initiation of DNA replication--were also shown to execute the division of their chromatin when the initiation of DNA replication is blocked (Toyn et al., 1995) . These results suggest that the signal that elicits the checkpoint response to inhibit nuclear division may require the establishment of replication forks (Piatti et al., 1995) . However, in a population of rad53 cells in HU, most if not all origins have established a fork (as evidenced by the accumulation of stable stretches of ssDNA). Why, then, can't rad53 cells activate the spindle checkpoint to inhibit anaphase entry in the presence of HU?
Two recent studies have provided clues to this question. Bachant et al. produced compelling evidence that the premature spindle extension and nuclear division in rad53 cells upon exposure to HU is not through the execution of a true anaphase entry: many of the events associated with anaphase initiation were not observed in rad53 cells in HU (Bachant et al., 2005) . This result was corroborated by a concurrent study where mec1 cells were also found to initiate chromosome segregation without anaphase entry in the presence of HU (Krishnan et al., 2004) . Therefore, chromosome partitioning in mec1 and rad53 cells is not a true anaphase and the spindle checkpoint inhibition may not be able to intercede. It is also possible that the activation of a spindle checkpoint may require the localization of Ipl1 protein to the freshly duplicated kinetochores. Therefore, when centromere and kinetochore duplication is absent, Ipl1 may not be recruited to activate the spindle checkpoint.
Second, if rad53 cells can resume replication after HU removal, why are they unable to achieve bipolar attachment and produce viable offspring? We propose that there exists a small window of time in early S phase for chromosomes to replicate their centromeres and achieve bipolar attachment. Moreover, in rad53 cells, the lack of early centromere replication in HU also precludes subsequent bipolar attachment of the chromosomes after HU is removed and centromeres replicated, possibly due to structural defects associated with the centromeres/kinetochores or sister chromatid disjunction. Nevertheless, we hypothesize that if premature spindle elongation takes place before centromere duplication, bipolar attachment is inefficient. This hypothesis is consistent with a previously proposed model in which kinetochore attachment to spindle poles requires dynamic searching by the microtubules in three dimensional space before being captured by the kinetchores (Mitchison and Kirschner, 1985) . An alternative possibility is that the microtubule dynamics may be attenuated in rad53 cells, making it difficult for the microtubules to capture the kinetochores. In fact, it has been reported that microtubule associated proteins Cin8 and Stu2 are inappropriately up-regulated in mec1 mutant, leading to the unscheduled spindle elongation in the presence of HU (Krishnan et al., 2004) . It would be interesting to determine whether the same mechanistic alterations in microtubule dynamics also occur in rad53 cells. It is also formally possible that the spindle in rad53 cells in HU suffers damage to the point of irreversible collapse so that even after HU is removed it can no longer be reestablished. However, though we have not directly investigated this possibility, previous studies have shown that the spindles formed in either rad53 cells in HU or in cdc6 cells showed rather normal morphology (Bachant et al., 2005; Tanaka et al., 2002) .
Our investigation of cell death in mec1 cells also led to more questions. First, why do mec1 chromosomes break predominantly during recovery from HU rather than during exposure to HU? It is possible that chromosome breakage due to persistent tension on the spindle is a time-dependent event. For example, mec1 cells exposed to HU for a prolonged time (up to 3 hrs) also showed increased level of breakage compared to at 1 hr (Fig. 4A) , although it is not until HU was removed that the cells displayed drastically more chromosome breakage. It could well be that it is the very act of DNA replication (during the recovery) that facilitates the transition of ssDNA strand breaks into chromosome breakage. The finding of B1 is consistent with our hypothesis that the pericentric region is fragile due to persistent spindle tension. However, it is intriguing that the breakage at this site is only apparent during recovery from, but not during exposure to HU (Fig. 4D) . This observation could be explained by two mutually non-exclusive explanations. One, chromosome breakage is facilitated by replication resumption after HU was removed.
Two, the level of tension on the spindle might be higher after HU was removed than when it was present. In contrast, B2 was observed even during exposure to HU but increased in frequency during recovery, suggesting that it might occur through a different mechanism from the likely tension-induced break at B1. This observation is consistent with the previous observation that nocodazole treatment does not eliminate all chromosome breaks and supports the notion that there might be breakage that arises independently of tension. Incidentally, B2 is located between two of the most efficient origins on Chr II, ARS208 and ARS209 (Fig. 4C) . It is possible that when replication forks from these two origins stall as a result of exposure to HU, the stalling forks also prevent other incoming forks to traverse through and replicate the intervening region, which then becomes persistently under-replicated and ultimately leads to chromosome breakage. Second, is the breakage near the centromere a direct consequence of applied force on the chromosome by the spindle that generates breakage of the phosphodiester bonds? Based on previous calculations of maximum force on a yeast kinetochore microtubule-47 pN (piconewton) measured in the grasshopper spermatocytes (Nicklas, 1983) and 10 pN in budding yeast (Bloom, 2008) -it is unlikely that the force from a pair of microtubules per yeast chromosome (10 pN x 2 microtubules = 20 pN) is enough to break the chromosome, which requires a calculated force of 480 pN (+/-20%) (Bensimon et al., 1995) . However, the estimated force for chromosome breakage was calculated for the breaking of double-stranded DNA (Jannink et al., 1996) . In the case of mec1 cells treated with HU, we note that there is ample amount of ssDNA in the pericentric region as well as other parts of the chromosome. Therefore, chromosome breakage in these cells should require, in theory, less than half of the force to break dsDNA, thus placing the spindle force-induced breakage in the realm of possibility. It warrants further biophysical investigation into the question whether force on the yeast spindle is able to break chromosomes. Nevertheless, we do not posit that the chromosome breakage in mec1 cells is a direct consequence of the spindle force. In fact, we favor the hypothesis that the spindle force serves to unravel the chromatin such that it might allow nucleases to cleave the DNA at the centromeric regions based on the observation that the two break sites detected near CEN2 in mec1 cells were very specific, appearing as discrete bands in the agarose gel (Fig. 4D) . We have verified these breakage sites using other probes on the PstI fragment (data not shown) and in all instances these sites proved very specific, suggesting an enzymatic action as opposed to mechanical rupture. But we emphasize that the action of nucleases is facilitated by the spindle force to present the substrate (the chromosomes). Recently it has been reported that fission yeast Mus81 cleaves DNA at stalled replication forks after HU treatment in the absence of a replication checkpoint (Froget et al., 2008) . It would be interesting to determine whether the budding yeast Mus81 also participates in such an action at the stalled replication forks. We also cannot rule out the possibility that the cleavage furrow during cytokinesis causes the chromosome breakage seen in mec1 cells and we are in the process of testing this hypothesis. However, once again, the discrete nature of the breakage would argue against such a postulate.
Finally, it is interesting that the more extensive fork progression in HU in mec1 cells was accompanied by more compromised resumption of fork movement after HU removal. In contrast, rad53 cells, while unable to replicate centromeres in HU, were more capable of resuming DNA synthesis later. We hypothesize that this difference between mec1 and rad53 cells may reflect differences in the regulation of replication fork components by these two kinases in response to replication impediment. It is possible that mec1 cells specifically lack a critical component restraining fork progression that is important for subsequent fork resumption. We plan to determine whether there exists such a component of the replisome that is specifically subject to regulation by Mec1 but not or to a lesser degree by Rad53 during exposure to HU. Further investigation of what molecular events take place at the replication forks during HU treatment in these two mutants would no doubt aid our understanding of how genome integrity is monitored by the replication checkpoint. Bensimon, D., Simon, A. J., Croquette, V. V., and Bensimon, A. (1995) . Stretching DNA with a receding meniscus: Experiments and models. Phys Rev Lett 74, 4754-4757. Bloom, K. S. (2008) . Beyond the code: the mechanical properties of DNA as they relate to mitosis. Chromosoma 117, 103-110.
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Supplemental Experimental Procedures
Microarray hybridization and analysis
The HH and HL DNA for each timed sample from the density transfer experiments were mixed for co-hybridization and likewise, the ssDNA-labeled S phase and G1 control samples from the ssDNA mapping experiments were also mixed for cohybridization to DNA microarrays (Agilent G4140A) according to the manufacturer's recommendations. The algorithms used for analyzing microarray data have been described previously (Alvino et al., 2007; Feng et al., 2007) except that a Lowess smoothing algorithm instead of Fourier transformation was applied in the current study to avoid an artifact introduced by the latter at the telomeric regions of a chromosome. Microarray data were processed and analyzed as follows:
1. The output files following Agilent slide scanning and data extraction are edited to remove data corresponding to array spots flagged by the software as anomalous. Spots corresponding to known sequence repeats are also eliminated. The edited data are referred to as "Raw data".
2. Raw data are normalized using the scheme described previously (Alvino et al., 2007) . This routine requires input of either one or two experimentally determined parameters, depending on the type of experiment (%HL vs. ssDNA).
3. Normalized data are smoothed using a Lowess smoothing algorithm. First, a window size w is specified for the overall smoothing of the profile. The "coordinate set" for a given chromosome is the collection of probe coordinates on the array that lie on that chromosome. For each coordinate t in the coordinate set, consider the interval I(t)=(t-w/2, t+w/2). Next, determine the set of all locations in the coordinate set that lie in this interval I(t) and do a weighted regression on the associated data points using the weight function: on the interval I(t). In this way, for each t in the coordinate set we obtain a value L(t,w). The new data set of pairs (t, L(t,w)) is the Lowess smoothed profile for the given chromosome.
4. Extrema (local maxima and minima) are determined as in (Raghuraman et al., 2001) for the output of either smoothing method.
TABLE S1
The distance between centromeres and their closest potential origin of replication (ARS) 
